COMPUTATIONAL DETAILS
All the energetic parameters for reaction pathways were calculated by using spinpolarized density functional theory (DFT) within the generalized gradient approximation (GGA) of Perdew-Burke-Ernzerhof (PBE) functional as implemented in the Vienna Ab-initio Simulation Package (VASP) 5.3.5. The valence electron density was constructed in the plane-wave basis with a cut-off energy of 400 eV. The first-order Methfessel-Paxton scheme with a smearing width of 0.2 eV was used to determine the Partial occupancies.
To optimize the lattice constant of bulk LaFeO 3 , a 7x6x7 Monkorst-Pack k-point was employed for the Brillouin zone integration. The lattice constants were optimized by a fully relaxing the degrees of freedom of the unit cell. We considered the Pbnm symmetry unit cell with the ferromagnetic structure, A-type antiferromagnetic structure, C-type antiferromagnetic structure and G-type antiferromagnetic structure.
We found that the unit cell with G-type antiferromagnetic structure exhibits the lowest total energy compared to the other magnetic structure. Thus, the G-type antiferromagnetic structure was considered in our following calculations. By adding the U eff = 4 eV on Fe atoms, we achieved the lattice constants which is in line with the previous experiment, see Table S1 . Importantly, our calculated band gap of bulk LaFeO 3 (2.29 eV) is in good agreement with experimental value (2.10 eV). 1 Besides, our tests also indicated that the O vacancy formation energy of LaFeO 3 (001) surface is largely associated with the U eff , see Figure S1 . Thus, the U correction is very necessary for a better description of electronic structure of LaFeO 3 system. 
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